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The mechanical role of thrombus on the growth
rate of an abdominal aortic aneurysm
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Objectives: In the decision for surgical repair of abdominal aortic aneurysms (AAAs), the maximum diameter is the main
factor. Several studies have concluded that the diameter may not be reliable as rupture risk criterion for the individual
patient and wall stress was found to have a higher sensitivity and specificity. The AAAwall stress may also be an influential
factor in growth of the AAA. This study investigates the effect of intraluminal thrombus on the wall stress and growth
rate of aneurysms, using both idealized and patient-specific AAA models in wall stress computations.
Methods: Idealized AAA models were created for wall stress analysis. Thrombus was modeled as an incompressible linear
elastic material and was fixed to the wall. The reduction in wall stress for a range of thrombus volumes and shear moduli
was computed. For 30 patient-specific AAA models with varying thrombus volumes, the wall stress was computed with
and without thrombus. The diameter growth rate was compared for AAAs with a small and large thrombus volume. The
results were compared between the idealized and patient-specific models.
Results: The thrombus caused a reduction in wall stress, which was stronger for larger thrombi and higher elastic moduli.
Any AAAs with a large thrombus were found to have significant stronger growth in diameter than aneurysms with a small
thrombus (P < .01). The stress reduction due to the thrombus showed the same trend for the idealized and
patient-specific models, although the effect was overestimated by the idealized models and a considerable variation
between patients was observed.
Conclusion: A larger thrombus in AAA was associated with a higher AAA growth rate, but also with a lower wall stress.
Therefore, weakening of the AAA wall, under the influence of thrombus, may play a more imminent role in the process
of AAA growth than the stress acting on the wall. ( J Vasc Surg 2010;51:19-26.)In the decision for surgical repair of abdominal aortic
aneurysms (AAAs), the risk of rupture is weighed carefully
against the risk of the surgical procedure. Currently, the
maximum AAA diameter is the main factor that determines
the decision for surgery. However, the rupture risk is
obviously dependent on a complex combination of both
generic as well as patient-specific factors. In the past, several
studies have concluded that the diameter may not be reli-
able as rupture risk criterion for the individual patient and
that it should be replaced by a more patient-specific crite-
rion.1-3 Therefore, AAA wall stress studies have been intro-
duced which include the AAA geometry in the AAA risk
estimation. It was previously shown that AAAwall stress has
a higher sensitivity and specificity than the maximum diam-
eter in AAA rupture risk assessment.4 Additionally, it was
found that peak wall stress was higher for ruptured than for
nonruptured or asymptomatic AAAs.5,6 Intraluminal
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doi:10.1016/j.jvs.2009.08.075thrombus is found in themajority of the AAAs7 and the size
of the thrombus varies strongly between patients. The
volume and thickness of thrombus have previously been
indicated to influence the growth rate8 and the rupture
risk9,10 of AAAs. Several computational studies have fo-
cused on thrombus in the past in either idealized11,12 or
patient-specific geometries.13-15 All studies concluded that
thrombus significantly lowers AAA wall stress and that the
effect was stronger for thicker and stiffer thrombi. Recently,
material properties of thrombus were re-evaluated with
compression and shear experiments,16-18 leading to far
lower elastic moduli than was determined previously by
uniaxial or biaxial stretching experiments.19-22
The aim of this study is to evaluate the effect of thrombus
on the wall stress in patient-specific AAA models, in light of
the recently obtained material properties. The results will be
compared to the results of an idealized axisymmetric AAA
model using a range of thrombus elastic moduli and relative
thrombus volumes. Thrombus will be modeled as an incom-
pressible linear elastic material which is fixed to the aneurysm
wall. Demographic and geometric characteristics, diameter
growth, and wall stress results are compared between AAAs
with small and large thrombus volumes.
METHODS
Idealized models. An idealized axisymmetric finite
element model of an AAA was created with a maximum
diameter of 5 cm and a diameter of 2 cm at the proximal
and distal ends. The wall thickness was kept constant at 2
mm. In the models where thrombus was incorporated, an
overall minimum thrombus thickness of 2 mm was applied
19
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set to 2, 4, 6, 8, 10, and 12 mm, located at the widest
section of the model (Fig 1). This resulted in relative
thrombus volumes of 18, 28, 36, 44, 51, and 57%.
Quadratic hexahedral elements were used for both the
thrombus and the wall, and mesh independency was
reached for all models. The nonlinear material model as
proposed by Raghavan and Vorp23 has been applied to the
AAA wall. Linearization of this material model around a
physiologic pressure would result in a shear modulus of
about 900 kPa. The thrombus was fixed to the aneurysm
wall and modeled as an incompressible linear elastic mate-
rial. Table I summarizes the shear moduli (G) as found in
literature for thrombus.16-22 In the model, no distinction
was made between luminal, medial, or abluminal throm-
bus. The shear moduli applied to the thrombus in the
idealizedmodel were 4, 10, 40, 100, and 180 kPa, covering
the gross range of the found moduli (Table I).
Patient-specific models. Contrast enhanced com-
No thrombus
-
-
Thrombus
2 mm
18%
Thrombus
4 mm
28%
Th
Fig 1. The idealized axisymmetric abdominal aortic an
minimum layer of 2 mm thrombus and a maximum thro
thrombus volume).
Table I. Literature values (mean  SD) for the shear
modulus (G) for luminal, medial, and abluminal
thrombus
Test Thrombus G (kPa)
Di Martino
et al19 Uniaxial stretching Luminal 44  21
Wang et al20 Uniaxial stretching Luminal 180  23
Medial 90  20
Vande Geest
et al21 Biaxial stretching Luminal 67  5
Hinnen et al17 Shear loading — 12  5
van Dam et al16 Shear loading — 1.7  1.3*
Gasser et al22 Uniaxial stretching Luminal 21  6*
Medial 16  5*
Abluminal 14  5*
Ashton et al18 Compression Luminal 0.5  0.1
Medial 0.8  0.2
Abluminal 6.4  1.8
*Reported values, otherwise based on the elastic modulus E (G  1/3 E).puted tomographic angiography (CTA) scan data of 30patients with a medium-sized AAA (maximum diameter
between 4.0 and 5.5 cm) were obtained in the Catharina
Hospital Eindhoven, The Netherlands (n 14) and Maas-
tricht University Medical Center (n  16). Only patients
with at least one sequential CTA scan after the one used for
the analysis were included in the study to determine the
prospective growth rate of the AAA. All patients signed in-
formed consent and research approval was given by the local
Medical Ethics Commissions. Patient demographic informa-
tionwas collected at the time of inclusion. All CTA scans were
performed in the arterial phase (in-plane resolution 512 
512, maximum slice thickness 2 mm). Brachial systolic, dia-
stolic, and mean arterial pressures (SP, DP, and MAP) were
recorded using aDynamap 1846SX/P (Critikon Inc, Tampa,
Fla) within 30 minutes after the CTA scan.
AAA segmentation. The geometry of the AAA was
segmented from the CTA scan using software developed by
Philips Healthcare (Best, The Netherlands) in collabora-
tion with University Medical Center Utrecht, Philips
Healthcare Research (Paris, France), Eindhoven University
of Technology, and our group.24-29 A start point in the
flow lumen at the level of the renal arteries and two end-
points just distal to the aortic bifurcation needed to be
selected by the user. The centerline of the AAA was tracked
automatically between the three points by means of a
minimal cost path approach.26 A three-dimensional (3D)
active object (3DAO) was formed around the centerline
and iteratively adapted to the boundaries of the flow lumen,
based on gray value thresholds in the CT scan images.27
Thereafter, the boundary of the thrombus was found by
iteratively adapting the 3DAO using a profile force met-
hod.28 Manual corrections of the surfaces were allowed by
adapting the slice contours when the user felt that the
automatic segmentation lacked accuracy. A minimum dis-
tance of 2 mm between the lumen surface and thrombus
surface was set to prevent crossing of both surfaces. Around
the thrombus, a third surface was created placed 2 mm
outward (AAA wall; Fig 2). Further details on the segmen-
us Thrombus
8 mm
44%
Thrombus
10 mm
51%
Thrombus
12 mm
57%
sm (AAA) models without and with thrombus, with a
s thickness ranging from 2 to 12 mm (18%-57% relativeromb
6 mm
36%
eury
mbutation procedure are described in Breeuwer et al.26
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and AAA wall, by filling the space between two surfaces
with 15-node quadratic tetrahedral Crouzeix-Raviart ele-
ments. The thrombus mesh is formed between the lumen
and thrombus surface, resulting in a layer of thrombus
throughout the whole AAA, with aminimum thickness of 2
mm. The AAA wall mesh is formed between the thrombus
and the wall surface, leading to a constant wall thickness of
2 mm. The size of the elements was kept constant and,
depending on the mesh volume, the number of elements
per AAA varied between 5000 and 10,000 for the wall and
6000 to 20,000 for the thrombus. A sensitivity study
showed that mesh independency was reached for this mesh
size, as stresses changed less than 1% for smaller elements.
A nonlinear hyperelastic material model was applied to
the wall.23 The thrombus was fixed to the AAA wall and
modeled with an incompressible and isotropic linear hy-
perelastic material model with a shear modulus of 40 kPa,
representing the average value from Table I.16-22 Due to
the complex geometries, lower shear moduli for the throm-
bus gave numeric instabilities and are, therefore, only ap-
plied to the idealized AAA model.
Geometrical characteristics. Stereolithographic (STL)
data of the lumen, thrombus, and wall volumes were cre-
ated automatically by the segmentation software. From the
STL data, all volumes were determined and the relative
thrombus volume as a percentage of the whole AAA vol-
ume was computed. The iliac arteries were excluded from
the volume measurements. In addition, the maximum
thrombus thickness and the maximum anterior-posterior
AAA diameter were determined from the CTA scan data.
The tortuosity of the AAA between the renal arteries and
the aortic bifurcation was computed for both the flow
lumen and complete AAA geometry. For this, the length of
the central flow and AAA line, respectively, is divided by the
straight distance between the start and endpoint.24,30 The
annual growth rate was linearly extrapolated from the dif-
ference in maximum AAA diameter in the CTA scan used
Fig 2. The surfaces of the lumen (magenta), the thrombus (yel-
low) and the AAA wall (purple) displayed in the CT-scan (left).
The resulting finite element mesh (right).for analysis and the last available CTA scan.AAA wall stress analysis. The finite element software
Sepran (Sepra, Delft, The Netherlands) was used to calcu-
late the AAA wall stresses with and without thrombus, for
both the idealized and the patient-specific AAA models. The
wall stress computations were based on conservation of mass
and momentum (second law of Newton) for all finite ele-
ments in the model. Boundary conditions were required to
solve the complex systemof conservation laws. These compre-
hend, in addition to the applied pressure, complete fixation of
the most proximal and distal planes of the models.
A patient group average systolic blood pressure of 18.7
kPa (140 mmHg) was applied to the inner surface of either
the wall or, when present, the thrombus. During CTA scan
image acquisition, a mean arterial pressure was present in
the AAA leading to a certain initial stress configuration.
This initial stress was accounted for by applying the Back-
ward Incremental method in the wall stress computa-
tions.24,25 The patient-specific MAP, as measured directly
after the CTA scan, was used to obtain the initial stress.
Maximum principal stresses, strains, and wall pressures
were computed in all nodes of the finite element models. As
the peak wall stress showed to be highly sensitive to small
geometric variations introduced by the segmentation and
meshing process, the 99-percentile stress was used as wall
stress measure for each AAA.24 The 99-percentile stress is the
highest maximum principal stress in the AAA, after exclusion
of 1% of the nodes containing the highest stresses.
Data analysis. Using the idealized AAA models, the
effect on the 99-percentile wall stress was determined for a
range of relative thrombus volumes (18%-57%) and shear
moduli (4-180 kPa). For the patient-specific AAA models,
the decrease in wall stress due to the thrombus was related
to the thrombus volume and compared to the results from
the idealized models.
The patient-specific AAA models were divided over two
groups, based on their relative thrombus volume ( and 
median). Analysis of variance (ANOVA) tests were performed
to test for significant differences in demographic, geometric,
and biomechanical characteristics. A P value  .05 was con-
sidered significant. The statistical evaluation was done with
Statgraphics Centurion XV (StatPoint, Herndon, Va).
RESULTS
Idealized models. Fig 3 shows the change in 99-
percentile wall stress due to the presence of thrombus,
compared to the wall stress without thrombus, as com-
puted with the idealized AAA model. The response in
relation to the shear modulus appears to be nonlinear; the
effect of thrombus on the wall stress is less sensitive for a
change in shear modulus at higher shear moduli. For the
model with a uniform thrombus layer of 2 mm, the effect
with a thrombus shear modulus of 4 kPa is only 2%, whereas
for 40 kPa this is 7%, and for 180 kPa this is 25%.
The decrease in wall stress in relation to the relative
thrombus volume is close to linear for all shear moduli. For
a thrombus shear modulus of 4 kPa, a thrombus with
relative volume of 30% results in a 6% decrease, whereas this
is 12% for a relative thrombus volume of 57%. For a shear
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35%, respectively.
Patient-specific models
AAA characteristics. The median relative thrombus
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Fig 3. The change in wall stress due to the presence of
thrombus thickness 2-12 mm (left) and as a function of t
10, 40, 100, and 180 kPa (right).
Table II. AAA demographic, geometric, and biomechanic
characteristics for patients with a relative thrombus volume
below (group A; n 15) and above (group B; n 15) the
median relative thrombus volume of 32%
Group A
(n  15)
Group B
(n  15) P value
Demographic characteristics
Gender (Male:Female) 11:4 14:1 .16
Age (mean  SD, y) 71  6 73  4 .58
Smoking (never:ever:current) 2:9:4 3:9:3 .84
Hypertension 7 10 .07
Diabetes mellitus 0 1 .25
Use of statins 9 4 .12
Geometric characteristics
(mean  SD)
Relative thrombus volume (%)# 23  7 54  15 —
Maximum diameter (mm) 51  4 50  4 .67
Lumen tortuosity () 1.4  0.2 1.4  0.3 .57
AAA tortuosity () 1.4  0.2 1.5  0.3 .83
AAA volume (mL) 132  40 135  35 .82
Lumen volume (mL) 90  29 58  16 .01
Thrombus volume (mL) 15  9 51  28 .01
Max thrombus thickness (mm) 9  4 18  5 .01
Growth rate (median
[quartiles], mm/y) 0 (0-1.2) 3 (1-6) .01*
Biomechanic characteristics
(mean  SD)
99-P stress, no thrombus
(kPa) 465  89 490  75 .45
99-P stress, thrombus (kPa) 271  60 203  26 .01
99-P stress reduction (%) 43  8 56  6 .01
Average strain reduction (%) 1.8  0.5 3.4  1.1 .03
Wall pressure reduction (%) 19  5 36  12 .02
AAA, Abdominal aortic aneurysm; max, maximum; P, percentile.
Independent t test unless stated otherwise, 2 test; *Kruskal-Wallis test.
#Group selection by choice.volume for the 30 patients was 32%. Table II summarizesthe AAA characteristics of the two groups with a relative
thrombus volume below (group A; n  15) and above
median (group B; n  15). There was no statistical signif-
icant difference in age, gender, hypertension, smoking,
diabetes mellitus, and statin use between groups A and B.
Besides the maximum diameter and the total AAA volume,
also the tortuosities and the 99-percentile wall stress with-
out thrombus matched for both groups. The average
thrombus volume of group B was larger than for group A
(P .01); therefore, the lumen volume was larger in group
A (P  .01). Also, the maximum thrombus thickness was
larger for group B (P  .01).
The mean follow-up time of the patients was 9 months
(range, 4-12 months). The median (quartiles) growth rates
in AAA diameter were 0 (0-1.2) and 3 (1-6) mm for groups
A and B. The distributions in the two groups differed
significantly (Kruskal-Wallis test; P .01). Fig 4 shows the
box-and-whisker plots for both groups.
The wall stress as computed with thrombus was signif-
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Fig 4. Box-and-whisker plot for the abdominal aortic aneurysm
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sure, due to presence of thrombus, was also significantly
larger for group B (P  .01, .03, and .02).
Wall stress distributions
Fig 5 displays the maximum principal stress in a longi-
tudinal cut-through of an AAA with a relative small throm-
bus (23% of the total AAA volume). The outer wall stress
distribution is not markedly influenced by the presence of
the small layer of thrombus (maximum thickness 6 mm).
However, the inner surface of the wall shows a strong
reduction in wall stress. As the nodes on the inner wall
surface are connected to a wall and thrombus element,
the displayed wall stress is an average of both. Therefore,
the inner wall surface is excluded from the determination
of the 99-percentile wall stress for all stress analyses. The
99-percentile wall stress for this AAA is reduced from 321
kPa to 231 kPa (-28%) in the presence of thrombus.
Fig 6 shows the cut-through of an AAA with a large
thrombus (55% of the total AAA volume). The thrombus
locally reduces the wall stress on the outer wall at loca-
tions of considerable thrombus thickness (see arrows,
maximum thickness 18 mm). The 99-percentile wall
stress is reduced from 355 kPa to 225 kPa (-37%) due to
the thrombus.
The main direction of the maximum principal stress is
circumferential for all AAAs. In longitudinal direction,
stresses are about half the circumferential stress. The stress
Fig 5. Wall stress distributions for an abdominal aort
Anterior (top row) and posterior (bottom row) views of
yellow, wall in blue) and the wall stress without thrombin radial direction experienced by the inner surface of theAAA wall equals the pressure and is about one order lower
than the circumferential stress.
99-Percentile wall stress
Fig 7 shows the decrease in wall stress due to the
thrombus for the patients and for the idealizedmodel, both
with a thrombus shear modulus of 40 kPa. The decrease in
wall stress due to the thrombus in the patient-specific
models is generally underestimated by the results of the
ideal model, although the differences are smaller at higher
relative thrombus volumes. Both the ideal and patient data
show a linear relation with the relative thrombus volume,
although for the patient data, the Y-intercept is below 0%.
Additionally, a considerable variation in the patient-specific
results is observed.
DISCUSSION
The risk of an AAA is currently estimated by the maxi-
mum diameter. This estimation fails in some cases to accu-
rately predict the rupture risk, but improvement has been
shown by using AAA wall stress instead of maximum diam-
eter as a risk criterion.4-6 Intraluminal thrombus was previ-
ously linked to AAA progression and risk.8-10 In this study,
the effect of thrombus on AAA wall stress was evaluated
using finite element analyses with patient-specific and ide-
alized AAA models. The results from the idealized AAA
eurysm (AAA) with a 23% relative thrombus volume.
ut-through mesh (lumen boundary in red, thrombus in
with thrombus.ic an
the cmodel show that the decrease in wall stress due to the
model (thrombus shear modulus of 40 kPa).
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ulus and volume of the thrombus. The relation between the
decrease in wall stress and the shear modulus was found to
be nonlinear; the decrease in wall stress is less influenced by
a change in shear modulus at higher shear moduli. For a
relative thrombus volume of 30%, the reduction in wall
stress is 22% with a thrombus shear modulus of 40 kPa,
whereas it is 8% with a shear modulus of 10 kPa and only 4%
with a shear modulus of 4 kPa. The recently reported shear
moduli based on shear and compression experiments were
found to be in the order of 10 kPa,16 or even lower.18,22
However, the same studies also reported considerable vari-
ations in shear modulus (Table I), indicating that between
and within different thrombi, the shear modulus may vary
markedly. Considering that the resulting wall stress is
strongly influenced by the shear modulus, the choice of
using an average shear modulus for each thrombus in AAA
wall stress analyses may not be valid. Dynamic imaging of
AAAs, like gated CTA or magnetic resonance imaging
eurysm (AAA) with a 55% relative thrombus volume.
ut-through mesh (lumen boundary in red, thrombus in
d with thrombus. The black arrows indicate locations ofFig 6. Wall stress distributions for an abdominal aortic an
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Fig 7. The change in wall stress due to the thrombus and the
relative thrombus volume for all patient-specific abdominal aortic
aneurysm (AAA) models and for the idealized axisymmetric AAA(MRI) scans, may be employed to give more insight in local
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on the wall stress on a patient-specific basis.
Both ideal and patient-specific models show a linear
relation between the effect and relative volume of throm-
bus, although the average model of the patient data shows
a less steep relation and a Y-intercept below 0%. This may
be explained by the assumption of the minimum layer of 2
mm thrombus throughout each AAA. This way of model-
ing was chosen to obtain a robust segmentation and mesh-
ing procedure that eventually can be used in a clinical
setting. Although this choice was also made for the ideal-
ized models and in this case the Y-intercept was 0%, it may
be that the effect is different for nonidealized AAA geom-
etries. For larger thrombi, the results from the idealized and
patient-specific models are closer together. The effect of
the 2 mm layer of thrombus may, therefore, be smaller for
patient-specific models with a large thrombus. Without this
layer of thrombus, the average results of the patient-specific
models might approach the results of the idealized model.
Nevertheless, a considerable variation in the patient-specific
results was observed. Likely, not only the amount of throm-
bus influences the wall stress, but also the geometry of the
AAA and the thrombus. Therefore, to estimate the effect of
thrombus on the patient-specific wall stress, idealized mod-
els are inadequate and patient-specific models are required.
The 30 AAAs were split into two equally sized groups
according to their relative thrombus volume ( and 
median). The groups were matched for age, gender, max-
imum AAA diameter, total AAA volume, and tortuosities.
The growth rate in maximum diameter was significantly
higher in the group with large thrombus volume (Fig 4;
P .01). This supports findings from previous research on
the relation between thrombus and AAA growth.8
Although no difference was found in wall stress be-
tween both groups when thrombus was not included in the
analyses, the wall stress was significantly lower for the large
thrombus group when thrombus was incorporated (P 
.01). This suggests that diameter growth of AAAs is not
instigated by the stress in the wall. Vorp et al31 previously
suggested that hypoxia of the AAA wall due to the presence
of thrombus may lead to increased inflammation and wall
weakening. In research of the same group, thrombus thick-
ness was identified as one of the parameters that lowers
AAA wall strength.32 If this wall weakening is the basis
for AAA growth, this may explain the increased growth for
AAAs with a relative large thrombus. Future research may
evaluate the relation between the amount of thrombus,
wall weakening, and the growth in diameter of AAAs.
The computed pressure drop over the thrombus for the
patient-specific AAA models was fairly large in both groups
(19% and 36% on average, Table II). This pressure drop is
in contrast to earlier measurements.33,34 In these studies, it
was concluded that thrombus leads to a very small pressure
drop over the thrombus in AAAs. In this and previous AAA
wall stress studies, thrombus has been modeled as a solid
structure. It was previously postulated that thrombus has a
poroelastic character.35,36 Modeling thrombus as a porous
material may bemore appropriate. In that case, the pressurecan be transported through the pores of the material and a
smaller pressure drop over the thrombus may be expected.
The effect that a poroelastic material model for the throm-
bus has on the wall stress cannot be predicted beforehand.
Before the effect of poroelasticity of thrombus can be
determined in AAA wall stress computations, parameters
like porosity and viscous permeability first need to be
determined by experimental testing.
Some limitations of this study need to be mentioned. A
constant wall thickness was applied to the AAA wall, al-
though it is known that wall thickness may vary within and
between patients.37 This may strongly affect the resulting
wall stress, but currently, no noninvasive techniques are
available to measure local wall thickness. The presence of
calcifications was also neglected. Calcifications will have a
significant effect on the local wall stress,38,39 but the imple-
mentation of calcifications is debatable, as the correct ma-
terial properties and interaction between AAA wall and
calcifications remain unknown.38
Wall stress simulations using the patient-specific AAA
models with thrombus shear moduli below 40 kPa resulted
in numerical instabilities, due to the complex geometries of
both the thrombus and the AAA. Large displacements in
the thrombus may occur due to the low shear modulus,
which might be resolved using remeshing algorithms dur-
ing the simulations. This complicates the computational
procedure drastically and is not implemented in the used
software. The results from the idealized models indicate
that, for lower shear moduli, the effect of thrombus de-
creases. However, as a strong variation between and within
thrombi exists, it is important to first focus on determining
individual thrombus material behavior using noninvasive
dynamic imaging.
CONCLUSIONS
The wall stress results from the idealized AAA model
showed that the wall stress is strongly influenced by both
the thrombus shear modulus and the amount of thrombus
present in the AAA. This emphasizes the importance of indi-
vidual determination of thrombus material properties. The
effect of thrombus on the wall stress in the patient-specific
AAA models was generally underestimated by the idealized
model, and a considerable variation in the patient-specific data
was found. Therefore, realistic AAA models are required to
determine the effect of thrombus on the wall stress.
A larger thrombus was not only associated with lower
wall stress, but also with a higher AAA growth rate. There-
fore, wall weakening under the influence of thrombus, and
not wall stress, may be the underlying cause of an increased
AAA growth rate.31,32 Additional research is required to
evaluate the relation between the amount of thrombus, the
strength of the wall, and the growth of the AAA.
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